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Development of the Solution SBRs for
High-performance Tires.

Sumitomo Chemical Co., Ltd.
Petrochemicals Research Laboratory
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Advanced Polymers Division
Akio ImAl

In the latest decade, synthetic rubbers and fillers for automotive tires have been changed dras-
tically. The tendency to make much of “energy saving (fuel economy)” has come to be more

remarkable year by year. In order to satisfy this demand, new silica compound systems have
been developed in stead of the conventional CB (carbon black) systems for tire tread. In addition,
for the purpose of improving the performances of this silica compound systems, precise polymer

designs such as the functionalization are needed. Living anionic polymerization procedure is a very

useful method to meet this aim. For example, precise chain-end functionalization and multi-func-

tionalization can be achieved.

In this article, the trend in the field of the silica compound system and the polymer design of

solution SBRs are surveyed, including the authors’ study on the new multi-functionalization method.
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(Brake) (Energy Saving)
RRO Rolling
Resistance
A
\ 7

Road

Tread Surface Surface ‘Whole Tire

————

Frequency 1040 105Hz 100 202Hz

B Wet Grip and Rolling Resistance.
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- Composition -
1 — For general use distribution: narrow | Continuous method
E-SBR | SSBR Random copolymer
— For all season tire — - Low temperature — - Molecular weight —— Condition change
properties distribution Operation change
. . composition change
Polymer design Micro structure . . . : X
Degree of freedom: — For energy — - Resilience - Modification =~ ——— Modification process
large saving tire
(Li cat.) — Living polymer .
modification | For high Qs . . s .
performance tire Skid resistance Block composition Operation change
——Composition (For race)
. — For HIPS -Gross — - Molecular weight — Condition change
— Molecular weight - Micro structure Operation change
distribution
L For damping -Damping ——— - Block composition Operation change
parts properties - Modification Modification process

PEEE  Expansion of the degree of freedom about the S-SBR designs.
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Silica compounded

Carbon Black
compounded

Max p

0.700 I I I I )
80 90 100 110 120 130

RRI
PBEEEN Max p (maximum friction coefficient) and

RRI (Rolling Resistance Index) on wet
asphalt surface.
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CaHz0 OC2Hs GBRD u
QH C2H50C| §i-CsHiSxCsHerSil OC2Hs | 1/ double

C2H50 OC2Hs ) bond
OH
SBR

CHs(?
00 Si-C3Hé-Sx-

Mixing (high temp.) .
7

0 C2Hs0H I \
(~) CHs0

React with

modified OH

chain-end ?

Functionalized
chain-end

PEEN Chemical reactions between silica and
silane-coupling agent.

Example  Comparative Example
1 1 2 3

Composition
(V)
Kind*! Al Al Al Al
Amount (wt) 100 100 100 100
Silica 78.5 785 785 785
Amount (wt)
Silane coupling agent 6.4 6.4 0 0
Amount (wt)
D)
Kind*2 D1 - D1 -
Amount (wt) 5 0 5 0
Maximum Temperature
During Kneading (O ) 152 151 153 153
Evaluation
Tear Strength kgf/cm? 57 54 46 53
300% Modulus kgf/cm? 124 121 40 49
Loss on Wearing mg/1000 cycle 370 372 996 564
Tand (600 ) Index 100 91 146 111
Vulcanization Velocity too min 16 36 30 35
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Example

2 3 4 5
Composition
(Y
Kind*! A2 A2 A2 A2
Amount (wt) 100 100 100 100
Silica 78.5 785 785 785
Amount (wt)
Silane coupling agent 6.4 6.4 6.4 6.4
Amount (wt)
D)
Kind*2 D1 D1 D1 D1
Amount (wt) 7 5 3 1
Maximum Temperature
During Kneading (O) 148 151 150 152
Evaluation
Tear Strength kgf/cm? 52 53 54 55
300% Modulus kgf/cm? 139 143 148 124
Loss on Wearing mg/1000 cycle 335 384 347 395
Tand (600) Index 94 100 102 101
Vulcanization Velocity too min 18 20 27 27

Xt X3 X5

A-H2iC; Sio Sio Sio

X2 X4 X6
1 m

CxHzk-B (1)

*1 (Al): a solution polymerized SBR (styrene unit/vinyl unit:
15/45 (wt %/%) ML1+4 1250 = 87) manufactured by adding SiCl4
as a coupling agent

A2: a solution polymerized SBR (styrene unit/vinyl unit: 29/49
(wt %/%) ML1+4 1250 =91) manufactured by adding SiCl4 as a
coupling agent

*2: D1: A compound (molecular weight: 611) of formula (1) as
defined above, wherein A and B are hydroxyl groups, j, k and m
are 0, 1is 7 and x1, x2, x5 and x6 are methyl groups.
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o ----Comparative example 1-3 (carbon black is formulated)

o ----Comparative example 4-6 (silica is formulated)

1 ----Example 1-3 (silica surface-treated carbon black 1+silane
coupling agent)

m ----Example 4-6 (silica surface-treated carbon black 2+silane
coupling agent)

[]----Example 7-8 (silica surface-treated carbon black 1)

A ----Example 7-8 (silica surface-treated carbon black 2) ]

O
.m Temperature Dependency of Tand O
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Surface Surface Surface Surface Surface Surface Surface
treated treated treated treated treated treated
CB1 CB3 CB4 CB5 CB6 CB7
Type of carbon used N339(HAF) N110(SAF) N550(FEF)
Nitrogen specific surface area of carbon used (m?/g) 142 42
DBP oil adsorption of carbon used (ml/100 g) 115 115
Silica content (wt %) 2 74 3 25 58 5
Physical properties
Kinds of Aluminum Hydroxide Loosed bulk DOP oil BET specific Crystal Crystal size of
density; absorption; surface area; structure boehmite (020)
g/cm? cm3/100 g m2g plane; nm
Example Aaluminum hydroxide A 0.21 121 153 boehmite 129
Example Baluminum hydroxide B 0.33 80 208 boehmite 7.3
Comparativealuminum hydroxide C example C 0.94 54 250 boehmite 2.4
Comparativealuminum hydroxide D example Dbayerite 0.61 84 110 boehmite 3.0
Comparativealuminum hydroxide E example E 0.20 55 8 gibbsite -
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Examples Comparative examples
(Parts by weight) 1 2 3 4 5 1 2 3 4 5 6

Ingredients SBR N. 9520 (pure polymer) 1) 70 70 70 70 50 70 70 70 70 70 70

BR 150B 2 30 30 30 30 50 30 30 30 30 30 30

Carbon black N220 3 65 65 40 40 65 65 65 85 65 65 65

Aluminum hydroxide A 40 65 65 40

Aluminum hydroxide B 40

Aluminum hydroxide C 40

Aluminum hydroxide D 40

Aluminum hydroxide E 40

Silica VN3 4) 40

TESPT 5) 5.2 3.2

Aromatic oil (incl. oil extended polymer) 40 40 35 40 40 50 35 50 45 45 45

Antioxidant 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

WAX 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Stearic acid 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Zinc oxide 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Sulfur 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Vulcanization accelerator 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Evaluation Mooney viscosity 105 106 105 107 105 130 100 100 108 106 104
Abrasion resistance 100 98 98 103 103 94 95 100 74 65 81
Rolling resistance 108 110 113 118 113 106 125 100 108 110 111
Wet grip performance (ABS brakeage) 111 109 112 115 87 116 82 100 105 106 106

1) SBR: styrene content : 35% by weight, 37.5 PHR oil extended rubber, glass transition temperature (Tg): -38°C.

2) BR: polybutadiene rubber BR150B

3) carbon black : Diablack I (N220), BET specific surface area by nitrogen adsorption : 115m2/g

4) silica : VN3
5) silane coupling agent TESPT : Si-69
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1IN Formulations (phr)

Compound No.

Ingredients Sl S2 S3 sS4 C1I C2 C3 cC4

SBR1500 100.0 95.0 90.0 85.0 100.0 95.0 90.0 85.00

KNB 35L 0.0 50 100 150 0.0 50 100 150 0O
Z175 50.0 50.0 50.0 50.0 0.0 00 00 0.00
Si69 30 30 30 30 00 00 00 o0.00
N330 00 00 00 0.0 500 500 500 50.00
Stearic acid 20 20 20 20 20 20 20 200
Zn0O 40 40 40 40 40 40 40 400
HPPD 20 20 20 20 20 20 20 200
WAX 20 20 20 20 20 20 20 200
TBBS 14 14 14 14 14 14 14 140
Sulfur 12 12 12 12 12 12 12 120
DPG 10 10 10 10 10 10 10 10

SBR 1500 : styrene-butadiene rubber with 23.5% of styrene con-
tent ; acrylonitrile-butadiene rubber with 35% acrylonitrile con-
tent; Z175 : silica; Si69: silane coupling agent, bis-(3-(triethoxisi-
lyl) propyl)tetrasulfide (TESPT); N330 : carbon black ; HDDP : N-
phenyl-N-(1,3-dimethylbutyl)-p-phenylenediamine ; DPG : diphe-
nylguanidine ; TBBS : N-tert-butyl-2-benzothiazolesulfenamide.

Table 7 BELUKNE

Compound No.

Ingredients S1 S2 S3 S4 C1 C2 C3 (4

-20°C 0378 0350 0369 0377 0368 0359 0374 0369
0°C 0182 0.198 0227 0229 0202 0220 0235 0.256
10°C 0159 0162 0178 0176 0.194 0204 0212 0.220
50°C 0122 0118 0.121 0.120 0.150 0.152 0.160 0.162
60°C 0118 0113 0117 0114 0145 0.147 0155 0.157
70°C 0114 0109 0113 0110 0141 0.143 0151 0.153

R!—— CH—— CH-R3
yd S
RS N 0
S\R2——CH—— CHR!

(0)
n

BEENEE  Polymer modification agent.
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